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ABSTRACT 

4 
Famination of ''enlarged area" image converter matrices has 

continued t o  determine device character is t ics  and t o  pinpoint fabrication 
problem areas. 

matrix system is i n  progress and laboratory testing of readout c i r cu i t s  w i l l  
be initiated shortly. 

image converter and peripheral equipment are  continuing. 

Design of a preliminary peripheral readout system f o r  a 5 x 5 

System studies t o  establish technical requirements f o r  both the  
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1.0 INTRODUCTION AND SUMMARY 

The objective of t h i s  program is  the  development and fabrication of 
a 50 x 50 element photo t rans is tor  mosaic and design of peripheral equipnent 
t o  permit readout of t he  mosaic output signals. 

characterized by poor collector isolation, and low sensi t ivi ty ,  as well as 
poor uniformity and d i f f i c u l t  reproducibility. 
devoted t o  finding solutions t o  these problems and some progress has been 
achieved. 

Phototransistor matrices produced to date had a t  times been 

Major program effort  is being 

A system study has been carried out t o  establish a sens i t i v i ty  
equation f o r  matrix type imaging systsms. 
establ ish specifications for  both the photo-transistor matrix and the  overal l  
E ;'Et ezl. 

current mosaic elements is about l /4  t o  1/10 tha t  of typ ica l  s ingle  element 
photo t rans is tors  

These studies are continuing t o  

Laboratory measurements indicate tha t  the  average sens i t i v i ty  of 

Peripheral equipment studies are continuing using the  data obtained 
from the  laboratory measurements t o  es tabl ish ten ta t ive  mosaic specifications. 
!.t t h i s  time it appears t ha t  a sfgnffieant portion of t he  peripheral equipment 
can be molecularized with l i t t l e  cost penalty. 

2.0 INVESTIGATIONS AND RESULTS DURING TKE CURRENT REPORTING PERIOD 

2,1 Image Convefler Develoment 

Effor ts  have continued t o  es tabl ish the  causes and cures of 
d i f f i c u l t i e s  eqer ienced to date i n  the  photo-sensor mosaic development 

program, 
optimum sensor s t ructure  

In addition, effoluts have been intensif ied t o  es tabl ish a more 

2.1.1 EVALUATION OF CURRENT XOSAIC FABRICATION ACTIVITY 

Units produced during September continued t o  exhibit 

character is t ics  similar t o  those of previous mosaics. More extensive in-process 

1 
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t e s t i n g  has p e d t t e d  e a r l i e r  detection of def ic ient  devices, thereby foeusfig 

a t t en t ion  on mre speciffc problems, 
diffused i so l a t ion  regions) remains a ser ious problem, although it has 
considerably improved over earlier units. 
solve t h i s  problem direct ly ,  some at tent ion is befig directed toward use of a 
simpler s t ructure ,  as described in paragraph 2,1.3,, 

Adequate i so la t ion  (as  furnished by t h e  

While e f f o r t s  are continuing t o  

201.2 COLLECTOR JUNCTION D E R "  OPTIMIZATION 

An optimum depth exfa ts  fop t h e  base-collector junction of 
a s i l i con  phototramsfstor f o r  a given wave length d is t r ibu t ion  of incident 

radiat ion,  
fn a region of the  base sufficfently new t o  t h e  col lector  junction so tha t  

electrons (or the  photon-created hole-eiectron pa i rs  j w i i i  di t fuse  t o  t n e  

depletion region about t he  sollector junction. 
lower mobili ty as wel l  as the  retarding fields at  the  junctions, remain trapped 
i n  t h e  base and azt t o  b ias  t h e  emitter-base junction in t he  forward direction. 
This accounts f o r  the  phototransistor current gain, The measured photocurrent 

is approximately equal. t o  the  photon generated e w r e n t  (plus the dark current)  
f l o w  across t h e  collector-base Qunezisn milt iplied by t h e  gain of t h e  

t r ans i s to r  0 

This depth is such that a maximum number of photons w i l l  be absorbed 

The holes, because of t h e i r  

In  a prevtoua series of experiments attempts were made t o  
fabr ica te  phototransistors w%th emitter, base, and co l lec tor  r e s i s t i v i t i e s  t h e  
same i n  each device but wSth vaFyfig depths of t h e  base-collector Junction. 
order t o  maintain iden t i ca l  base widths the  locations of t h e  emitter-base 
junctions had t o  be varied. 
dea l  of useful information primarily because of poor junction character is t ics ,  
l a rge ly  due t o  the  fabricat ion eomplexSty necessa ry to  keep r e s i s t i v f t y  and 
base d d t h  pammeters constant while v-ng junction depths. 

co l lec tor  junction depth i n  the t r ans i s to r  may be approxhated by invest igat ing 
t h e  photoresponse of collector-base pn junction diodes. 
have various junctfon depths the  P and N regions Will be of the  same r e s i s t i v i t y  
as t h e  respective P and N regions of the t r a n s i s t o r  base and col lector .  A 

program of t h i s  natrrzz+ has been in i t ia ted ,  and models should be fabricated 

I n  

This ser ies  of experbents  did not yield a great 

As stated above, IcEo" PICBo. The question of o p t h i e i n g  

Although these may 
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3msiberable tho lqht  has been devot ed to the desirability 
and feasibility of aiq9Lfying both the devieg geomtry eerzd fabricat ion 
processes. As a first step, a st&p eol%ec.tor cissign was considered as 
reported i n  the l a a t  manthly report .  
t he  alirnirxkfon si 8 signTf"icant portion of the fsolat ion junction perimeters 
3s well 93 el&d.riatian of signifieam ?orkions of t h e  ciaposited slumhum 
Tn-bercannsctisn patterns from the ~ u r f a c e  of %e masais. Tests performed with 
the base contacts F-POV~WS QC %he nev phctc-transistor m e a i c s  ind%cate t h a t  a 
common colgesterr csnf igwzt icn  might 'cse fsei51.0.. En such a mosaic, 

would be accomplished P,hrcugh +,h3 use of the base and emitter leads.  This 

WOUU e l k i n a t  e t h e  fsslat;on junctions cmp3~t , t$y  ~ ~ c d  would. signdffcantly 
simplify mesaic fabricztfon. fie f e a s i b i l i t y  of this concept w i l l  be explored 
using a pfiozo-transiis-lor msaSc of i~diu"idual  elements during t h e  next period, 
If these t s s t s  a r e  SQCC~J~C, desigr, sf fgbr-icatfan masks ~ O P  a mosaic will  be 
produced, UntE. these t e s t e  EE empleted,  clsvelopnisr,t of %he s t r i p  collector 
masks has been tabled. 

The advantage of t h i s  design would be 

readout 

2,2 ham Converter Facksghg 

2 d 
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2J.9 SYSTEM SFrnSES 

System studies which bevelsped a general equation for 
system sensftiTPit-y were reportsd h the  h 3 t  raport ,  
results of these studies fear t h i s  perfad, relating the  general equation from 
the last report t o  a mosaic imaging system in t e r n  of f ie ld  of d e w ,  frame 
rate, system optics, a d  conversion efficiencies,  

Appendix I presents the  

These studies will be continued to establ ish a ten ta t ive  
system specification in %he next period, baaed or: t h e  results of optical bench 
evaluation of typ ica l  phots Y;ranafs%or devices, 

Measwed optieal-aPsctricaP performance data was obtained 
on an erilarged 5 x 5 mosaic;, 
was used w5th a f i lmen% t y p e  Ugh% sowee at a color temperature of 2@O°K. 

A spot oi l i ght  e931'' diam.f-tsp. (matched t o  the detector element s ize)  was  used 
t o  meae-we the  response of a r m d d y  choaen 5 sE thg 25 elements in a matrix 
array, The response ehwacteristtfes me shown fn Table I and in Figures 1, 2 

and 3 A r e l a t ive ly  importank lack of uniformity a t  l o w  input levels charae- 
t e r i zed  this paA~cCLar mwaic. %fa  fs ~a.=Lx. r  due to surface leakage 

To ob-tain Fteady-state data t he  optical bench 

~ h ~ a A e x b $ s t i e s  and i n d i ~ & e s  the  B ~ V ~ F S  W&WP sf swface problems, It is 
felt tha t  t h i s  cond%&ien e m  be a l l ~ v i a t e d  i n  future  devices, 
appropriate readouk ssherne cm be uti l ized in conSuetion with such a device 
to obtain use2113 hag2 zssnv-ersfsn data, 

how eve^, an 

The rnema%9,~ %s n o m y  operated with the col lector  junction 
reverse bfassd, Bias kvsBs ai greater than 25 Volts could be used a fme  t h i s  
m s  below junction bre&dom, 

signal (or dark c-wrsnt> P~PSPZS co313ecto~ vdtage curves were desirably small. 
T h h  mesns t h a t  bmayP varfationa Sr, t he  collector voltage w i l l  not appear at  
the  sensor strg,puf a3 a %;pwisus signaP. 
the baee l e ~ d  open and the  emitter grounded. Small values of posi t ive base 
bias h c ~ e t a a e  t h e  flaw of col%ector (or dark) current., 
bias is large i.$ effectively mska the normal s ignal  current, 
bias reduces element Ugh% sene%tivity and dark current, 

A t  reasonable bias levels the slope of the 

Tbe element i s  n s m S 3 y  operated with 

If t h e  posi t ive base 
NegatSve base 

Separate bias- of 
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each element t o  equalize sens%%fu%y unffoPmfty, reduce leakage current, and 
fmppove l inearity i s  a possibflity but its coat is t h a t  of cross connection 
complexities and c r i t i c a l  bias  adjustments 

The mosde tested was  an enlarged s t ructure  whose sens i t ive  

e l m s n t s  were 16 times la rger  in area than  the elements in t h e  normal 5 x 5 
and 50 x 50 mosiacs. 
of the  mosaic which had median eha~ac%erfatPes i n  uniformity and sens i t i v i ty  
(Figure 11, I n  spite of the  tranststor electrPca1 gain of approxfmately 20, 
the  computed quantum sfffe%ency is only 9,2 percent, 
t h e  expos& area of t he  sensitive ba.6 fs ljimfted t o  l ees  than 15% of t h e  available 
elmen% area, t h e  mnaindes bedng 't&en up by i so la t ion  jpmctfon, col lector  

juneticn, e d t t m ,  mid Irk?r:cnne:lf5cs Also some photon abmrption occups 
i n  t h e  silicon, and carriers which are created nem the  surface may not have 

suf f ic ien t  l Z e t i m a  t o  Siffuse t o  the activa area around t he  eol lector  junction, 

element dark current ratfier tkan r . m . s .  noise. 

banddd th  of t he  low leve l  31; a p l Z i e r  was abouk E cps. 
swept at TJ field rates, t h e  noise bandwid%h of %he amplifier w i l l  be only 
1530 cps, 

The data in Table I is t h e  average data from 3 elements 

This is probably because 

The Noise EquivaSent Power, hJF, is computed r e l a t i v e  t o  
This was because the  noise 

For a 5 x 5 matrk 

For 8 50 x j2 mixkc t h e  noise bandwidth v d l l  be 150 Kc. 
The dyrzmis  range of the  device appears t o  be considerable. 

The upper l i g h t  ~ P V S P  l i m i t  may I?% cetenmhed more by incident thermal effects 
than by in te rna l ly  generatted As& due t o  large cwxnlus (at least. f o r  un i t s  of 
orily moderate a r r e n t  gain), 
not saturated a t  in@f&.nG l ight  le;~.s1s of 20,000 foot lamberts, 

Essed on t h e  measuremefits, t h e  photocurrent has 

With the m?liswxi charact erist ies  of pre l iminaq  mosaic 
chwaoteristfcs being obtained, it now becomes possible t o  determine properties 
of t h e  reasout equipent  nscessary t0 provide useful image conversion data. 

If' t h e  mosaic is t o  be sens i t ive  t o  l ight  levels of the  

order of 3 FL, photocurrents of %he order of t ans  of nmoamps provide t h e  
useful s igna l  outgat, 

on the preamplifier an3 sivere c ~ r c f f  cuprznt and offset voltage requirements 
on %he m%trix readout switches, 

This low bevel imposes severe l o w  noise reqxkements 

Fhatoconduc$ive switehfng provides very low 
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Table I - 

5 x 5 Matrix Array (Enlarged Structure) 
Average Steady Sta te  Characteristics f o r  5 Randomly Chosen Elements 

Ambient Temperature 25 “C 

~~ 

Gross Size of Element 
Sensit ive Size of Element 
Illuminance Spot Sise 
Resolution - No. Elements (OP Enes)  per inch 
Dark Current 
Light Responsfdty 
Sens i t iv i ty  Unffonnity 
Linear it y 

Isolat ion 

Transistor Gain [ P j  

Conversion Efficiency 
Detec t id ty ,  NEPDc 
Collector Breakdown EWcEo 
IUumhation Range 
Output Range 

.04” x 04” = .0016 sq, i n ,  

.OOO236 sq. ino  

.03lT1 Dia = -00078 sq, i n ,  

25 
. O l  ua at  25V (See Fig, 1 )  
-01 m/FL at 25V and 2 FC ( F i g ,  1 )  
15 : l  a t  2 FC (See F i g ,  2)  

Compression occurs at  upper 
Light leve ls  (See Fig. 1) 

over a greater range f o r  electron 
injected car r ie rs  than for photon 
injected car r ie rs ,  
1. Optical: (one element 

illuminated, nearby element 
read out) Good. 

element due t o  bias on neigh- 
boring element (dark) ) POOP 
Masking is requbed t o  prevent 
l5ght from inject ing carriers 
i n to  the  i so la t ion  junctions c. 

The 
1 i E C s r i t y  is bs t te r  2 d  O_Yrtenrlf2 

2. Elec t r ica l :  (current i n  one 

3 .  

20 

9.25 
7.8 x lo4 watts 
greater than 25V 
2 Foot Lamberts t o  20,000 FL 
Approximately .02 ua t o  60 ua 
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noise operation f o r  small-signal switching, tends t o  minimize switching 
t r ans i en t s  and any tendency t o  r h g  and provides convenient i so l a t ing  coupling 
between t h e  pulse generator and t h e  switch. 

and fall time is  in t h e  range of 1 t o  10 mfcroseconds which is adequate f o r  a 
5 x 5 matrix readout. If neon lamp control  elements a re  used, a ra ther  large 
breakdown voltage is required t o  drive the  neon. 
of neon a re  within the  most sensftfve response regions of s i l icon,  but t he  
l i g h t  flux output is a m i n h u m  i n  order t o  drive a phototransistor.  
neon sowee  is  driven harder, m r e  power is consumed with a consequent 
blackening of t he  i n t e r i o r  of t h e  neon bulb and reduced constancy of output 
and lifetime. 

the  switch. 

The photoconductor t r ans i s to r  rise 

The spec t ra l  charac te r i s t ics  

If the  

Elec t ros ta t ic  shielding may be necessary between the  neon and 

As seez frmn Figmrre 2 and Figure 3 the n o n u n i f o d t p  of 

t he  elements is large i n  t h i s  first available batch of enlarged 5 x 5 element 
matrices. It is anticipated t h a t  bet ter  batch uniformity wil l  result as mre 
experience is  gained i n  t h e  construction of these devices. I n  an experimental 
production l o t  of t r ans i s to r s  t h a t  have been produced f o r  about a year i n  t h i s  
laboratory, noise f igure and gain dis t r ibut ions normalize about an acceptable 
median as shown i n  Figure 4. 
procedures w i l l  be devised as par t  of t he  peripheral  equipment t o  equalize 
d i f fe ren t  gain increments and dark currents i n  t h e  elements of t he  sensor. 

When t h i s  occurs f o r  t h e  mosaic, s igna l  processing 

Element lgakage charac te r i s t ics  and element generated 
noise a re  other fac tors  t h a t  have t o  be considered i n  s igna l  processing schemes, 
As s t a t ed  before a la rge  par t  of the element leakage i s  due t o  surface problems 
and it is anticipated t h a t  t h i s  condition can be al leviated i n  fu ture  devices. 
For a 5 x 5 element mosaic swept a t  a TV frame rate of 60 cps, t h e  noise 
equivalent bandwidth of t he  system w i l l  be only 1500 cps. This is good. 
However, i n  photoresponsive devices, it appears l/f noise extends up t o  a frequency 

of 10 Kc and therefore  w i l l  a l so  limit t h e  minimum l i g h t  l e v e l  which can be 
detected by t he  device. On the  contrapy, operation at  low l i g h t  leve ls  p e d t s  
t h e  elements i n  the  mosaic t o  be operated under "starved" conditions and there- 
fore  noise should be minfmized. 
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3 .O FROGRAM FOR THE ENSUING PERIOD 

ImaRe Converter Model Develomnt 

The present s t ructure  of enlarged 5 x 5 image converter t r ans i s to r  
mosaics w i l l  be u t i l i zed  f o r  fur ther  fabrication and analysis. 
evaluation and control procedures w i l l  be enhanced by incorporating additional 
microscopic inspection, e l e c t r i c a l  testing, and metallurgical analysis s teps  
t o  those already extant in the  process. 
reporting period the  study of collector junction depths, described above i n  
paragraph 3.1, should have reached the point a t  which t h e  elements t o  be studied 
w i l l  have been fabricated and t h e i r  response t o  v is ib le  radiation w i l l  be under 
examinat ion 

Fabrication 

the  conclusion of t h e  ensuing 

3 02 ImaPe Converter Packagiq 

It is anticipated that  a completed package f o r  t he  50 x 50 
The external  photosensor array will be available during the  next period, 

package leads will be of the  f lexible  soldered type. 
on a masking procedure which w i l l  resul t  i n  an evaporated m e t a l  conducting 
s t r i p  over t he  insulating glass i s  complete the  connection from device t o  
package terminals 

Effor t  w i l l  be focussed 

3.3 Peripheral Equipment 

As more mosaics become available fur ther  s ens i t i v i ty  and 
l i n e a r i t y  tests will be made, 

Molecular logic devices f o r  t he  readout equipment w i l l  be 
obtained and construction of the pulse and switching c i r cu i t ry  will be in i t i a t ed .  
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Appendix I 

The General Equation for System Sensi t ivi ty  
SpesUic System Sensi t ivi t  ression 

(Continued from Monthly Proge?Report U) &- 

Mosaic Sensor 

The mosaic 8ensor i s  essentially an a r ~ a y  of point detectors covering 
the en t i r e  f i e l d  of view o f t h e  system. 
Figure 5.  

The aenaor geometry is  shown i n  

+-A+ 

Figure 5 
Mosaic Sensor Geometry 

A = Total Azimuth Fiald of V i e w  t o  be surveyed (degrees 
E3 = Total Elevation Field of' V i e w  t o  be surveyed (degrees) 
Tf = Frame time required fo r  surveillance of t o t a l  f i e l d  of v i e w  (sec) 
fr = frame rate 
m =I Namber of elements in X direction 
n = !?umber of elements i n  Y d*e:%ion 

To optimize the  peak signal  t o  m noise r a t i o  the  system's signal  

processing bandwidth bf is  set equal t o  the  reciprocal of the dwell time TD 
of t h e  instantaneous field of view: 

The dwel.3. tims, TD, is equsl t o  the fmme t h e  Tf divided by the  t o t a l  number 
of d i w r e t e  s l ?mnt s  m times n in the mosaic 

Therefore 
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Subst i tut ing equation (13) into equation (10) of Monthly Progress Report l4 
yielas the masaic sensitivity equation: 

5 h c e  the masafe array consists of m t h e s  n elements each having an 
instantaneous f i e l d  of v i e w  of a x  times $4 the total f i e l d  of v i e w  AB: 

Quation (U) mci (16) describe the system sensitivity of a mosaic 
detector of an hiaging eystsm In t e r n  of the opt ica l  parmeters, the number of 
drt-ctor s1crncrd.s and the Leti:to,- r i g w e  of Neri$o 
sensitivity is enhanced by 
detector figure of merit Wo 
frame tin€ increases sensitidty is improved. 

The equations show that 
h2gh quality, ias5 opt ica l  system and by high 

A l a r g e  f ie ld  of view degr.o,Les sensitivity. As 

These equaticns were derived for optYcal. system whose performance 
is l i n l t e d  by xmise in the cietEctcsr unit .  Other system performance limitation 
f actor3 su2h as bark current., leakage, md non-i;niform gain and sensitivity 
& , ~ a & P + ~ f i ~ ~  of the rlctec:talc and m d t c h h g  noise Pinon! the  r:adout equipent 

would have t o  be Etccounted for h another mannQr. 
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